Tumor endothelial marker 1 (TEM1) has been identified as a novel surface marker upregulated on the blood vessels and stroma in many solid tumors. We previously isolated a novel single-chain variable fragment (scFv) 78 against TEM1 from a yeast display scFv library. Here we evaluated the potential applications of scFv78 as a tool for tumor molecular imaging, immunotoxin-based therapy and nanotherapy. Epitope mapping, three-dimensional (3D) structure docking and affinity measurements indicated that scFv78 could bind to both human and murine TEM1, with equivalent affinity, at a well-conserved conformational epitope. The rapid internalization of scFv78 and scFv78-labeled nanoparticles was triggered after specific TEM1 binding. The scFv78-saporin immunoconjugate also exerted dose-dependent cytotoxicity with high specificity to TEM1-positive cells in vitro. Finally, specific and sensitive tumor localization of scFv78 was confirmed with optical imaging in a mouse tumor model that has highly endogenous mTEM1 expression in the vasculature. Our data indicate that scFv78, the first fully human anti-TEM1 recombinant antibody, recognizes both human and mouse TEM1 and has unique and favorable features that are advantageous for the development of imaging probes or antibody-toxin conjugates for a large spectrum of human TEM1-positive solid tumors. 
Introduction
Tumor cells are elusive targets for standard anti-cancer therapies due to their genetic heterogeneity and instability. Unlike tumor cells, tumor vasculature cells are genetically more stable, making them ideal for therapeutic targeting. The cells associated with the tumor vasculature, such as the vascular endothelium, pericytes, vasculature-associated monocytes and stroma cells provide critical support for tumor survival, growth, and invasion [1] [2] [3] . The elimination of these cells can produce substantial therapeutic results, in part because the tumor vasculature and stroma act as physical and molecular barriers that protect tumor cells from being targeted by the host immune system [4] . Macromolecules, such as antibodies, are often inefficient at penetration through obstacles such as high interstitial pressure and dense fibrosis [5, 6] . In contrast to the tumor cells, endothelial cells are readily accessible directly via the bloodstream, enabling therapies that target the vasculature to avoid these pitfalls, and suggesting an explanation as to why the rate of response to therapeutic antibodies is much higher in leukemia than in solid tumors [7, 8] . Thus, vascular disruption mediated by therapeutic macromolecules has the potential to be a highly effective cancer therapeutic approach.
Endosialin, CD248, or TEM1, is an 80.9-kD surface protein expressed by tumor endothelial and endothelial progenitor cells [9] , pericytes and tumor-associated fibroblasts [10] [11] [12] . TEM1 is found on the vasculature of many types of solid tumors [13] [14] [15] but is absent on normal vessels [13, 14] . TEM1 is implicated in vascular cell adhesion and migration, development [16, 17] , neoangiogenesis [13, 14] and tumor progression [18] . TEM1 mRNA overexpression is associated with poor survival in breast cancer [19] . Importantly, Tem1 −/− mice present a striking reduction in tumor growth, invasiveness, and metastasis, but are otherwise healthy and exhibit normal wound healing [20] . Although the exact mechanism by which TEM1 promotes tumor invasion and metastasis is not very clear, which might be partially due to its interaction with matrix proteins [16, 17] , it is conceivable that TEM1-targeted strategies may be highly effective in tumor imaging and therapy. In view of this, we therefore isolated a high affinity, fully human scFv78 from a yeast display scFv library [21] . In this study, we further characterized this scFv and evaluated its potential application in solid tumor targeted imaging and therapy.
Materials and methods

Epitope mapping of scFv78 binding
We isolated scFv78 in our previous study [21] . To localize the TEM1 epitope on which scFv78 binds, six fragments of approximately 70 amino acids (aa) with an overlap of 11-aa to cover all epitopes were amplified and co-transformed with linearized vector pAGA2 into yeast EBY100 to achieve display of the peptide T1 (20-88aa), T2 (78-152aa), T3 (142-216aa), T4 (206-275aa), T5 (265-334aa), and T6 (324-390aa) on the yeast surface. Then, domain epitope mapping was performed using these large peptides displayed on EBY100 yeast surface. Binding to the peptides was detected by flow cytometry as described previously [21, 22] , and a series of 15-aa peptides with 10-aa overlap were synthesized to identify the potential linear epitope by competition enzyme linked immunosorbent assay (ELISA).
Molecular modeling and scFv78-TEM1 docking
Amino acid sequences of TEM1 and scFv78 were each taken as query sequences for similarity search against the Protein Data Bank (PDB) at http://www.pdb.org [23] . Similarity searches were performed using FASTA in an effort to identify homologous proteins of known structure for use as structure templates for model construction [24] . Structure-based sequence alignment between the template and the query sequence was generated using Molecular Operating Environment (MOE) software (Molecular Computing Group Inc. version 2011.10) with default parameters [25] . A 3D structural model of the query sequence was then created based on such alignment using the homology model tool in MOE. Docking of the 3D structural model of either human or murine TEM1 to the scFv78 structural model was performed using the protein-protein docking software ZDOCK (version 2.3) [26] . Hydrogen atoms were removed from both structures and the standard parameters from the uniCHARMM file were used for all atoms in both structures. ZDOCK searches all possible binding modes in the translational and rotational space between the two proteins and evaluates each position using an energy-based scoring function. The scoring function is composed of IFACE statistical potential, shape complementarity, and electrostatics. The docking complex with the best fit with the experimental data was reported.
Affinity measurement of scFv78 to human TEM1 by surface plasmon resonance and ELISA
The binding affinity of scFv78 to human TEM1 was determined by surface plasmon resonance (SPR) using a Biacore 3000 instrument (GE Healthcare) at 25 °C. Human TEM1 was biotinylated using the EZ-Link Sulfo-NHS-LC-Biotin reagent (Thermo Scientific, IL) at a protein:biotin molar ratio of 1:5. Biotinylated TEM1 was captured on a streptavidin-coated sensor chip (GE Healthcare) at a density of 1,000 resonance units (RU). A twofold dilution series of scFv78 (1-500 nM) was injected at a flow rate of 20 µl/min and a contact time of 2 min. After 5 min of dissociation, the TEM1 surface was regenerated using 2 M NaCl. Binding signals were processed using Scrubber (v2; BioLogic, Campbell, Australia) by subtracting the responses of an empty streptavidin surface and of a series of buffer blanks. Kinetic analysis was performed over a concentration series of 1-8 nM using a 1:1 binding model in Scrubber to fit association rate (k a ) and dissociation rate (k d ) constants and calculate the binding affinity (
Human and murine TEM1 were coated on Maxisorp plates (Nunc/Thermo Scientific, IL) overnight at 4 °C at concentrations of 0.8 and 0.4 µg/ml, respectively. The next day, the plates were blocked with 5% dry milk prepared in PBS/Tween 20 0.05% (PBST). The plates were washed 6 times with PBST and incubated with 10-fold serially diluted scFv78 starting from 1 μM. After six washes with PBST, scFv78 binding was detected using 1:1000 diluted anti-V5-HRP antibody (AbDserotec, NC). The binding curves were fitted using a non-linearized one-site binding model of GraphPad Prism 5 for the calculation of the affinities.
Assessment of scFv78 internalization in cells in vitro
The mouse endothelial cell line MS1 and the counterpart MS1-TEM1 that was transduced to express full-length human TEM1 (hTEM1) were seeded on microscope cover glass (Fisherbrand, Loughborough) in 24-well plates. The following day, the cover glasses were transferred into new plates for incubation with fresh medium containing 1 μM scFv78 for 2, 6 and 15 h. A non-relevant scFv was used as a negative control for binding [21] . After incubation with the proteins, the cells were fixed, permeabilized with 0.1% Triton and 0.2% BSA-PBS, and then blocked with 2% BSA-PBS for 30 min. Both scFv78 and the control scFv proteins have a V5 tag at the C terminus, and Alexa 647 conjugated anti-V5 antibody (AbDserotec, NC) was therefore used to detect their internalization. DAPI was added at a 1:4000 dilution to stain the nucleus. Finally, the cover glasses were mounted on slides for the assessment of internalization by confocal imaging.
ScFv78-nanoparticle conjugate internalization by cells in vitro
Streptavidin-coated iron oxide nanoparticles (NPs) (MiltenyiBiotec, CA) with a diameter of 50 nm were used for the specific internalization assay. scFv78 was site-specifically biotinylated in yeast to obtain scFv78-bio as described previously. BSA was labeled with biotin using the EZ-Link Sulfo-NHS-LC-Biotin reagent (Thermo Scientific, IL) [21, 27] , and then half of the biotinylated BSA was further labeled by NHS-Dylight649 (Thermo Scientific, IL) to generate BSA-bio-Dylight 649 (Fig. 3a) . ScFv78-bio and BSA-bioDylight 649 were mixed at a 1:1 molar ratio and incubated with streptavidin-coated NPs for 1 h at RT. BSA-bio and BSA-bio-Dylight 649 were also labeled with the NPs as a negative control (Fig. 3b) . The labeled NPs were purified with a magnet, and dye labeling efficiency was assessed by flow cytometry. For internalization assays, the labeled NPs were washed twice with PBS and resuspended in complete DMEM medium; then, labeled NPs were added to MS1 or MS1-hTEM1 cells. After overnight culture, the cells were washed with PBS prior to nuclear staining with DAPI. Cells were fixed with 2% paraformaldehyde solution and NP internalization was evaluated by confocal imaging.
TEM1-targeted toxin delivery by thescFv78 immunoconjugate in vitro
ScFv78 was conjugated with the ribosome-inactivating protein saporin (ZAP) to evaluate whether scFv78 may be used as a vehicle for theTEM1-targeted delivery of toxins. Sitespecific biotinylated scFv78 (scFv78-bio) was conjugated with the streptavidin-labeled saporin (Advanced Targeting Systems, CA) by incubation at room temperature (RT) for 1 h at a molar ratio of 4:1 (scFv78:ZAP). Cells were cultured in 96-well plates to 30% confluence and then incubated for 96 h in the presence of 10-fold serially diluted ZAP, scFv78 or scFv78-ZAP starting from 40 nM down to 0.04 nM. The viability of MS1 and MS1-hTEM1 cells was then determined by MTT colorimetric assay.
In vivo TEM1-targeted optical imaging with scFv78
Nude mice received subcutaneous inoculation of 5 × 10 5 TC1 cells on the bilateral hip. All animal experiments were under University of Pennsylvania Institutional Review Board Protocol 702679, and were conducted in compliance with Institutional Animal Care and Use Committee guidelines. Tumors were allowed to develop for 10 days, reaching an approximate size of 0.5 cm in diameter, prior to optical imaging. One milligram of scFv78 and the control scFv were labeled with a near-infrared (NIR) dye, IRDye800CW-NHS (LI-COR Biosciences, NE), by incubation of the respective protein with 20-fold excess dye for 2 h at 4 °C. Free dye was removed by dialysis against PBS. Two hundred micrograms of dye-labeled scFv78 and control scFv in 200 μl PBS were injected into the mice via the tail vein, and their biodistributions were monitored by a real-time imaging system (Pearl Impulse Small Animal Imaging System) at 30 min, 1, 3, 6, 9, 24, 48 and 72 h post-injection. Mice were sacrificed after the final imaging. Signal intensities in the tumor, liver and kidneys in both groups were quantified using the Pearl Impulse Small Animal Imaging System software and their relative intensities were plotted against the background.
TEM1 expression assessment in vivo
The tumor tissue, liver and kidneys were collected and analyzed for TEM1 expression by real-time PCR. Total RNA was extracted from different tissues, as well as MS1 cells (mTEM1-negative), 2H11 cells (mTEM1-positive) and TC1 cells (with low mTEM1 expression). The probe for mTEM1 or GAPDH (Mm00547485_s1, Mm99999915_g1, Applied Biosystems/Invitrogen, NY) was mixed with cDNA and reaction buffer, which was then subjected to a 94 °C denaturation step for 10 min, followed by 40 cycles of two-step amplification, a 94 °C denaturation step for 15 s and 60 °C annealing and extension steps for 1 min. The relative expression levels of mTEM1 in different tissues were calculated using the MS1 cells as a reference.
Results
ScFv78 binds to a conserved conformational epitope of mouse and human TEM1 in the extracellular domain
Using a yeast display system, we successfully displayed each of six peptides derived from the 18-390 aa extracellular N′ terminal domain of hTEM1. Each peptide was engineered to have an 11-aa overlap with the adjacent peptide (Fig. 1a) . In addition to the full-length protein (T1.2, 18-390 aa), flow cytometry data revealed that scFv78 was only able to bind peptide fragment six, T6 (324-390 aa) (Fig. 1b) . To further characterize the binding site, a series of overlapping 15-aa peptides were generated from the T6 fragment. In a competition assay, none of the 15-aa peptides were able to disrupt the binding of scFv78 to the T6 fragment, even at 100-fold higher concentration (data not shown). This suggests that scFv78 binds to a conformational rather than a linear epitope. Furthermore, we were able to show that scFv78 can only bind to native TEM1 in ELISA and flow cytometry but not to denatured TEM1 in western blot (data not shown). Human TEM1 shares 87% amino acid sequence identity with its murine counterpart over the T6 region (324-390 aa) (Fig. 1f) . Our previous data indicate that scFv78 also binds to endogenous murine TEM1 expressed on the 2H11 cell line [21] . Together, these findings suggest that scFv78 binds to a conserved conformational epitope, which is likely shared between the human and murine TEM1.
Modeling of the scFv78-TEM1 complex confirms the conformational epitope in the T6 peptide Threading analysis using the T6 sequence from both the human and murine TEM1 identified a structural domain of potential homology within a region of the OmpR/PhoB (124-225 aa) protein from thermotoga maritima (PDB ID: 1KGS). The identification was deemed reliable, as the Z-score was above the threshold of 3.5. Consistent with the fact that the two TEM1 fragments have 87% sequence identity, this finding supports the hypothesis that the conformation of this T6 region in both species remains conserved. The 3D structure of the T6 region of both human and murine TEM1 sequence was thus modeled using this structural domain (Fig. 1f) .
Through similarity search, the B/D chain of a human anti-IFN antibody (PDB code: 3UX9) was identified as sharing 63% sequence identity with scFv78, making it suitable as a comparative modeling template. The 3D structure of scFv78 was modeled based on the chain B structure of the anti-IFN antibody (Fig. 1d) . The structural models of the T6 region of the human and murine TEM1 were then docked into the 3D model of the antibody fragment scFv78 (Fig. 1d) . For the human or mouseTEM1-scFv78 complexes, the best docking models had ZDOCK scores of 57.13 and 53.24, respectively (Fig. 1d) . In addition, both T6 structures fit well within the pocket of the CDR regions of scFv78, and several suggestive interactions between residues of the T6 structures and scFv78 were observed. One of these interactions occurred between 367 and 378 aa and the CDR loops in scFv78. Based on our docking models, the folding of the T6 sequence appears to be critical for the formation of multiple interactions between T6 and scFv78. Additionally, scFv78 recognizes the full-length T6 fragments but is not competed away by any of the derivative 15-aa peptides; these data support the assertion that scFv78 binds to a conformational but not the linear epitope of TEM1.
ScFv78 binds to human and mouse TEM1 with the same high affinity
The evaluation of the interaction between hTEM1 and scFv78 by SPR showed dose-dependent binding with an affinity (K D ) of 2 nM and a kinetic fit to a 1:1 model (k a = 1 × 10 6 M, k d = 3 × 10 − 3 M) (Fig. 1c) . The interaction was saturable, yet deviations from the 1:1 model were observed at a higher concentration range (Fig. 1c, insert) , most likely due to heterogeneities during the biotinylation of hTEM1. The binding affinity of scFv78 to mTEM1 was measured by ELISA and compared with that of the human protein. scFv78 was found to bind both proteins with exactly the same low nanomolar affinity of 1.6 nM (Fig. 1e) .
ScFv78 is rapidly internalized specifically in TEM1-expressing cells
Confocal microscopy showed significant and specific internalization of scFv78 into the MS1-hTEM1 cells but not MS1 cells, while untreated cells or cells treated with a control protein showed no luminescence (Fig. 2) . Incubation periods longer than 2 h did not enhance scFv78 internalization in MS1-hTEM1 cells, indicating a rapid internalization of the antibody fragment. The internalized scFv78 protein (1-500 nM) were evaluated to extract affinity and kinetic rate constants using a 1:1 binding model (red fit). A range of 1-8 nM was used for the kinetic fit due to a slight heterogeneity effect observed at higher concentrations in the full dataset (insert). d Affinity of scFv78 to murine TEM1 measured by ELISA. e The threedimensional structural models of the T6 region of human (e, left) and murine (e, right). Cyan, the 324-390 aa domain of TEM1; green, represents antibody fragment scFv78. f Murine and human TEM1 sequence alignment (324-390 aa) 1 3 appeared as evenly distributed dots in the cytoplasm, suggesting localization in the endosome/lysosome compartment.
ScFv78 mediates NP-specific internalization in TEM1-expressing cells
To test the ability of scFv78 to mediate NP internalization, we prepared iron oxide NPs conjugated with scFv78 and labeled with Dylight 649 (Fig. 3a, b) . Analysis indicated that the scFv78-conjugated NPs and the control BSA-conjugated NPs had similar fluorescence intensity (Fig. 3c ). After incubation with cells overnight, only the scFv78-conjugated NPs showed significant internalization specifically into the hTEM1-positive cell line, while the BSA-labeled NPs showed no internalization in either cell line (Fig. 3d) . The internalized NPs were mainly located around the nucleus. This indicates that scFv78 could mediate significant and specific internalization only in TEM1-positive cells.
ScFv78 mediates the specific killing of TEM1-expressing cells with immunotoxin
To test whether scFv78 could be used to deliver an immunotoxin selectively to TEM1-positive cells, we conjugated biotinylated scFv78 (scFv78-bio) with streptavidin-coupled saporin (scFv78-ZAP) and investigated the toxicity of the immunotoxin conjugate on human and mouse TEM1-positive cells. The results showed that the control toxin ZAP had no effect on either MS1 or MS1-hTEM1 cells (Fig. 4a) , as it could not be internalized. In comparison, scFv78-ZAP showed dose-dependent cytotoxicity specifically when cultured with the MS1-TEM1 cells (Fig. 4b) . Statistical significance was observed at the concentrations between 4 nM (p < 0.05) and 40 nM (p < 0.01, t-test), and led to a dramatic growth arrest of the MS1-hTEM1 cells (Fig. 4b) .
ScFv78 allows for specific in vivo tumor imaging
IRDye800CW-labeled scFvs were tail-vein injected, and the in vivo real-time biodistribution was monitored using a LI-COR infra-red imaging system. The control conjugate was found to enrich mainly in the liver as most antibodies, probably as a result of capture by Kupffer cells (Fig. 5c,  d ) [28, 29] . In comparison, the scFv78-IRDy800CW conjugate demonstrated significant accumulation at the site of the tumor (Fig. 5e ). This accumulation was seen as early as 30 min post-injection and lasted for least 48 h (data not shown) for scFv78, with the highest signal detected at 6 h post injection (Fig. 5a, b) . Some accumulation was also observed in the kidneys of both groups, possibly due to the excretion of scFv78-dye due to its small size [29] [30] [31] . To further confirm that this was non-specific accumulation, we ran quantitative PCR for TEM1 on liver and kidney biopsies taken from mice upon sacrifice. Murine TEM1 was undetectable in the liver and was found to be at the limit of detection (detected more than 30 cycles) within the kidneys (Fig. 6) . In contrast, we found high mTEM1 mRNA expression in TC1 tumors of all the animals (Fig. 6) . There was no difference in mTEM1 expression observed between the two animal groups injected with scFv78 or control scFv (Fig. 6 ). 
Discussion
We previously developed the first fully human scFv against TEM1, an attractive vascular and stromal target. Here, we describe a number of potential uses for scFv78, including molecular imaging, immunotoxin-based therapy, and nanotherapy. This scFv was isolated from a human scFv library with high affinity and specificity [21] . We have now shown that scFv78 has a low nanomolar binding affinity to its target in situ, consistent with most of the currently available monoclonal antibodies in the clinic [32, 33] . Importantly, we found that scFv78 binds to a conformational epitope and triggers rapid internalization of the naked scFv as well as immunoconjugates, highlighting its potential use for the delivery of immunotoxins or drug conjugates. Then, we demonstrated that scFv78 is cross-reactive with both human and murine TEM1. The cross-species reactivity of scFv78 is critically important for its clinical development, as it allows for the safety evaluation of TEM1-targeted therapy in mouse models, rendering its pathway towards the clinic more certain. Lastly, we have shown that scFv78 is able to efficiently target TEM1-positive tumors in vivo, as evidenced by our proof-of-principle optical imaging study.
Several recent clinical successes support the rationale for the clinical development of monoclonal antibodies as either naked or immunoconjugate therapeutics against cancer surface antigens. TEM1 is a promising therapeutic target. The tem1 −/− knockout mice, which have no outwardly detrimental phenotype, demonstrate dramatic reductions in tumor growth and metastasis [20] . Here we explore the utility of targeting TEM1 through scFv immunoconjugates, which could be used as imaging reagents, as well as delivery systems for therapeutic payloads. Internalization of any therapeutic cargo is required for its success. Data from our internalization assays demonstrated that both naked scFv78 as well as scFv78-functionalized NPs were rapidly internalized into TEM1-expressing cells. We believe this evidence provides sufficient rationale for the development of TEM1-targeted immunotoxin and nanoparticle-based therapy using scFv78 as the delivery vehicle.
Antibody-drug conjugates (ADCs) are an emerging class of immunotoxins that offer a therapeutic approach specific for cancer cells expressing the targeted antigen [34, 35] . Due to their high potency, specificity, and low side effects, several ADCs are now in the advanced stage of clinical trials. As a proof of concept for the immunotoxin applications of scFv78, we conjugated scFv78 to saporin toxin. Saporinconjugated antibodies have been used in several clinical studies for tumor-targeted therapy [36, 37] . Although the immunogenicity of saporin renders it less amenable to repeated administrations in the clinic, it is suitable for developing proof-of-principle data. The in vitro data shown in this study clearly demonstrate that scFv78 can mediate the efficient delivery of saporin into TEM1-positive cells. The unique internalization property of scFv78 makes it a useful vehicle for the localized delivery of highly toxic agents specifically to tumor cells. The anti-TEM1 scFv78 characterized here may be reformatted to a full antibody format for conjugation to drugs or cytokines for the effective and preferential destruction of the tumor vasculature and stroma.
Our data also suggest that scFv78 could play a role in nanomedicine applications for tumor diagnosis and therapy [38, 39] . In this study, we took advantage of the high affinity binding between streptavidin and biotin to label the NPs with scFv78 [40] . Considering the high immunogenicity of streptavidin, a better non-immunogenic coupling strategy should be developed to permit highly efficient conjugation without affecting the affinity of scFv78. The introduction of a free cysteine at the C terminus of scFv78 via a small flexible peptide linker might be a suitable strategy that would permit efficient site-specific conjugation through thiol-maleimide coupling [41, 42] .
Specificity is a major challenge in the field of targeted macromolecules. To date, there are very few tumor-specific antigens that are entirely absent on normal tissues. Therefore, the safety of targeting a tumor marker with a novel antibody should be the first concern in translation. TEM1 is expressed by many types of solid tumors in both humans and mice, but is largely absent in normal mouse tissues [15] . Here, we provide the first in vivo imaging data of TEM1 expression in the mouse using scFv78, which is consistent with the previously established expression profile of TEM1 using in situ hybridization [15] . TEM1 is largely absent or present at negligible levels in normal mouse organs. In addition, our data agree with previous data presented by St. Croix [15] . We failed to detect TEM1 mRNA expression in the liver, where we had detected an accumulation of optical dye. This suggests that this was not targeted accumulation but was likely due to Kupffer cell pickup of the dye labeled antibodies. Altogether, the data of IHC confirm that scFv78 binds TEM1 in vivo, specifically at the vasculature site of the tumor and not at off-target organs, which ∆∆CT using theMS1 level as 1. *p < 0.05; **p < 0.01; ***p < 0.001 provides encouragement for the further clinical development of scFv78.
The universally high expression of TEM1 in almost all types of solid tumors makes scFv78 an interesting tool for a variety of clinical applications, including molecular imaging. Although we used optical imaging here as a proof of principle, other imaging modalities with higher sensitivity, such as molecular positron emission tomography (PET), or a more anatomic definition, such as molecular magnetic resonance imaging (MRI), can be developed. Nevertheless, optical imaging has specific clinical applications, including intraoperative imaging with NIR fluorescence dyes that have deep penetrating properties in tissues (approximately 1 cm) [43, 44] . Application of IRDye800CW-labeled scFv78 showed that it could be used as a tool in tumor imaging from the perspective of clinical application. Further safety evaluation of IRDye800CW and other optimized dyes conjugation strategies will facilitate the translation of scFv78 for intraoperative optical imaging.
Tumor vasculature and stroma targeting represents an effective strategy for early tumor detection, diagnosis and treatment of many tumors. TEM1 is an example of one such attractive surface molecule. To the best of our knowledge, there is only one anti-TEM1 antibody presently under clinical development, MORAb004, which is a humanized antibody recognizing the fibronectin-binding domain of human TEM1. Unlike scFv78, however, MORAb004 does not cross-react with murine TEM1. ScFv78 is the first fully human scFv antibody in the field. Its unique properties, including rapid internalization and specificity for mouse and human TEM1, make it suitable for a variety of applications in tumor theranostics across a wide spectrum of solid tumors.
